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NOVEL COMPOTTvn 
The present invention relates to a novel piperidine derivative useful as an inhibitors of 
glucosylcerarnide synthase (GGS; UDP-glucosexeramide glucosyltransferase, UDP-glucose-N- 
^Ph-gosxne , D-glucosyltransferase, EC 2.4.1.80), methods for its preparation and its use in medicine 
penally m Ae treatment and prevention of disease states mediated by GCS. The compound ZteZ' 

Z iTT^.^ 0 ?^ ^ diSeaS6S ' diSeaS6S - od " Bd -ZZon cle" 

m which glycolipid synthesis is abnormal,- infectious diseases caused by microorganisms which u eTu 

Wrlfl ' " hrfeCtiOUS ^ WWCh SyDtheSis of gluco^d^l^ or 

nnportant, diseases m winch excessive glycolipid synthesis occurs, neuronal disorders and neuronal 



GCS is an intracellular enzyme that catalyzes the assembly of uridine diphosphate-glucose and 
ceramide into the glycolipid, glucosylcerarnide. The role of GCS in regulating cerarle levts ha ^n 
explored, smce tins molecule can induce apoptotic cell death (J. Biol. Chen,, 2000 275(1^7138-43? ' 
There e of GCS in mamtaining cholesterol/glycolipid 'rafts', cell-surface m lomaL of ^ 
1 5 specialized permeability and functionality that appear to be involved in a variety of sign^sduction 
events, has also been investigated (Nature, 1997, 387(6633) 569-72) transduction 

structura^j^"? 5 * 3 ^ ^ Glucosylcerarnide and 

structurally related glycolipids are stored in the lysosomes of patients with genetic diseases which result 

20 SirSS m ° D f 8lyCOlipid " de ^ ™ («* Gaucher, Tay Sac^ 

20 Sandhoffs, GM gangliosidosis and Fabry diseases). Glycolipid storage also occurs as a secondary effect 
: m some issues (e.g. neuronal tissue) with genetic storage diseases such as Niemann-Pick C £Z 

St Ch ^ S ™ Ii P ido - ^ IV (Proc. Nati. Acad. Sci. USA, 1998, May 26, 95^ 6373- 
8) and a-mannosxdosis (Proc. Natl. Acad. Sci. USA, 1991, Dec 15, 88(24), 11330-4) G<^ mmbitorf 

25 Z£ 221 t0 f UCe ^ rate ° f " ^ «— « fs^ss gTy Sd 

gS tnibul aPPr ° aCh temied SUbStrate have demonsSat 

^SST" T ^ *~ IWd accumulati °* — - cell and animal models of 

CC* t -v. \ 2 ° 00 ' 105(11) ' 1563 " 71) - Fu ^^ore, clinical trials have shown that 

30 Gal H ' T N - b ^ MeOX ^^in (NB-DNJ) are useful in treating human patient ft 

^^ a 7^ 35 ^ 4U48M >- TheuseofmeiminosugarNB-DNJasaGCS 
nihibitor is disclosed in EP-A-0698012. EP-A-0536402 and EP-A-0698012 disclose that N-alkyl 

derivatives of deoxygalactonojirimycin, e.g. N-butyldeoxygalactonojirimycin (NB-DGJ), mayaLo be of 
use in * e treatment of glycolipid storage disorders. EP-A-0698012 also discloses that meZe ton d ^ 

35 22f IT' 1" CNMM3X ^ - N-acetylglucosamine 0^j£* 

35 not act as inhibitors of glycolipid biosynthesis. J °° 

^ °f 008 i f ibitOTS in of human malignancies has also been proposed. 

IZTZTT r T d quantities of glycolipids * at ~ i—" ab -< * —1 

nL^SfSS^i 0 ' " Sh6d by tUmOUr ceUs «* released into 

40 Z^> T T bloodstrea *>- Both tumour shed and cell surface bound tumour 

n^TT'T hlteraCti0nS SUCh 38 ^ «~ «» ° r ^ ~- 
Enzymol., 2000, 312, 447-58), cell motility (Mol. Chem. Neuropathol., 1995, 24(2-3), 121-35) growth 

factor signallmg events (J. Biol. Chem., 2000, 275(44) 34213 ™ t,™, ■ , ♦ 1 

Oncol 1QQ7 Wzn wtw .» . I ^ 421 3"23), tumour stimulated angiogenesis (Acta. 

3tT 26 An 1 } aDd l UmOUr Specific immun * responses (J. Immunol., 1999, Oct 1, 163(7), 

45 1 ' CM aff6Ct tBm ° 0r devel °™t and progression. Glycolipids, 

45 glucosylcerarnide in particular, are known to accumulate in multidrug resistant (MDR) tmnour cells 
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l*nticancer Res., 1998, 18(1B), 475-80) and in vitro treatment of these cells with GCS inhibitors can 
reverse the MDR phenotype (J. Biol. Chen,, 1997, 272(3), 16.82-7; Br. J. Cancer, 1999, 81(3) 423-30) 
Cell surface glycolipids also have roles in infectious disease, serving as receptors for the binding 

iTwTa^'T. (APM !tl 990t ^ 98(12X 1053 - 6 °' ReView) ' Cfafect Immun., 1990 Jul 
58(7), 2085-90) and viruses (FEBS Lett.,1984, May 7, 170(1), 15-8). In addition, glycolipids on the 

surface of cells are bound by bacterial toxins (Methods Enzymol., 2000, 312, 459-73) for instance, the B 
subumt of cholera toxin (ganglioside GMl) and verocytotoxin (globotriaosylceramide GB3) (J. Infect 
Dis., 2001, suppl. 70-73, 183). ■ 

The -use of GCS inhibitors may also be appropriate in a number of other clinical indications 
which are associated with abnormalities in glycolipid synthesis. Atherosclerotic lesions of human aorta 
have a lugher ganglioside content than unaffected regions of the aorta and serum ganglioside 
concentrations in atherosclerotic patients are higher than in normal individuals (Lipids, 1994 29(1) 1-5) 
Tissue derived from the kidneys of patients with polycystic kidney disease contains high levels of both 
glucosylceramide and lactosylceramide (J. Lipid. Res., 1996, Jun, 37(6), 1334-44). Renal hypertrophy in 

Z^WwtsLT^ " aSSOdated * glyCOHpid SynthCSiS * a CliD - fcVeSt -' 1993 > 

Glycolipid metabolism also plays a critical role in neuronal disorders, such as Alzheimer's disease 

and epilepsy. For instance, Niemann-Pidc C (NPC) patient neurons present with fibrillar tangles 

reminiscent of the morphology seen in Alzheimer's disease. 

° M1 gang«oside binding by amyloid beta-protein induces conformational changes that support 

its formation of fibrous polymers, and the fibrillar deposition of this protein is an early event in 

^T^r* et *-> 1995 « Nat - ^d. 1, 1062-6; Choo-Smith et al., 1997, Biol. Chenx, 

clul'd Z m8 SyDtheSiS ^ USiDg ^ SUCh " 008 e -g" ^-DNL 

could inhibit the fibre formation seen in Alzheimer's disease. 

In contrast, preUmmary clinical trials have shown that neurodegenerative processes seen in 
Parkinson s disease, stroke and spinal cord injuries seem to improve by treating patients with GMl 
ganglioside > (Alter (1998) Ann. NY Acad. Sci., 845, 391^011; Schneider, 1998, Ann. NY. Acad. Sci.. 
845, 363-73; Geisler, (1998), Ann. NY. Acad. Sci., 845, 374-81). It is possible that co-administering 
glucosylceramide synthesis inhibitors would provide the clinician greater control over this treatment 
course. GCS inhibitors like NB-DNJ would limit patient-specific inconsistencies by blocking their 
neuronal glycolipid synthesis. In addition, inhibiting glucosylceramide synthesis would limit the 
metabolism of administered glycolipids into other, perhaps unproductive, forms. Thus, the ability to 
modulate glucosylceramide synthesis with GCS inhibitors may be useful in the treatment of a wide 
variety of neuronal disorders. 

In addition, it has also been shown that imino sugars can reversibly induce male sterility and can 
therefore be used as male contraceptives. Also, GCS inhibitors could be used for the treatment of obesity ' 

A role for glycolipids in some aspects of inflammatory or immune responses has also been 
suggested. Following an inflammatory stimulus, such as that obtained with thioglycolate, the ganglioside 
profile of munne peritoneal macrophages changes from a simple profile (3 major species) in resting 
macrophage to a more complex profile (more than 14 species) in activated and recruited macrophage, see 

8l7l\ v . Ya t J . BiCl Med ' 1985 ' 58(2)> 125 - 31; Y ° he ' HC 6t BiOChim Bi0 ^ s Acta ' 19 «5, 
818(1), 81-6; Yohe, H.C. et al., Immunol, 1991, 146(6), 1900-8. Furthermore, in vivo administration of an 

inflammatory agent, e.g. bacterial endotoxin, results in the increased expression of two enzymes, serine 

palmitoyltransferase and glucosylceramide synthase, which are key to the de novo synthesis of 

glycolipids, see Memon, R.A. et al., J Biol Chem, 1999, 274(28), 19707-13; Memon, R.A. et al., J Lipid 
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Kes, 2001, 42(3), 452-9. 

Such a role for glycolipids is further supported by the demonstrate of changes in dvcolinid 

£ZT 7T r genetiC defeCtS WWCh ^ iD ^ ° r ^ seniteTp n S t y r P 
mflamxnatory stunuh. For example, upon endotoxin treatment in C3H/HeJ mice which have a toll like 
5 receptor 4 mutation and are hyoo-resDonsiw tn Wt^oi ^ . • toU-hke 
lack tranrfincHH,. r * k responsive to bacterial endotoxin, recruited macrophages were found to 

YnL w r t r 18 " maJOr gan ^ ioside ^ recruited macrophages in normal mice » 
Yohe, BLC. et al., Immunol, 1991, 146(6), 1900-8; Yohe, H.C. et al., Immunol 1986 137^ 7 

H^GCSmmbito^^^ 
disorders associated with macrophaee recruitment a ^ ^ • , "senses ana other 

10 arthrids, <W. disease, as,J ^a" 0Va0 °"- ,nd " dm8 ** °" * 

WO02/055498 discloses piperidine derivatives useful as GCS inhibitors 

synthesized a novel compound that is useful in inhibiting GCS's catalytic activity 

The compound of the invention exhibits improved potency and/or selectivity for Or* ~i « ♦ 

non ~vtu'r tt over *— hyd ™ - 

QCS ^ toCn ^ tofa '* eC ^ 0 ^ 0f * epTOemta ^«™^teusedfortheiuWbiaonof 

» auod.es aspec, .he presen. invendon provides d,e use of *e compound ofte^on iu 

hydrobronude, aud nhrate, or salts vvhh an organic acid such as nndL, Lea tt . fcZt Inrale 
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nharnJT., 3 ^ ^ """P 0 ^ *^ include, but are not limited to 

pharmaceutically acceptable esters such as alkyl esters. . . °' 

, m , ; C ° mpOUnd ° f ** inventio11 mav * crystallised or recrystallised from solvents such as 

~Zk22 C T ntS -. * SUCh ^ S ° 1VateS be f °- ed - ™" Mention inc ude ^in its 

Z iTmavt S ; 1V t! mClUding hydrateS " We " 38 C ° m P° Unds co ^- g variable amount of 
water that may be produced by processes such as lyophilisation <™°unts or 

.ad!, i— 5sr ;r 

puse * « - - 

conuun a, leas. 1%, more suhably at leas. 5* e g f^M ^^7^ ? / COmPO,md Sh0,,M 
phannaceudcany accept derivative hereof C ° mf "" md * taVMUon " 

source, d™ synthesis is 'Lt^ *" 2 — *" 

scnneo nerern, or Uiey can be prepared by procedures known in the art. 
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Specifically, the compound of the invention may be prepared by a processes comprising: 
(a) reacting a compound of formula (II): 




(H) 

with 4-(pentyloxy)benzaldehyde using NaBH 3 CN or a supported reagent, such as 

nll S ^nlT me ^ mm0niWa CyMoborohydride in -etic acid-methano; or HCl-methanol, or 
using NaBH(OAc) 3 m a solvent, such as, dichloromethane, or 

(b) deprotection of a compound of formula (HI): 



O. 




PO' 

OP 

(HI) 



TSp*Z^l7 y t hB T * ^ bydr ° Xy P r ° teC ^ groups e.g. benzyl (Bn). When P 
naSdf de ^ tect ">° - inducted in the presence of hydrogen gas and a catalyst such as PdCl 2 or 

Pt s ^Th the ^ m 3 T S ° 1Vent ^ " ^ "* ethan ° h * wiU ^ understood tha when 
formula CO), thus the compound of the invention is preferably produced using process a) above 
The compound of formula (II) is known, see e.g. Tet. Lett., 1997, 38(45), 8009-12 
Compounds of formula (HI) may be prepared by reacting a compound of formula (TV)- 



OL 




(IV) 

TZ2 r L Tm Whi t?f ^ SamC ° r differeDt "* leaviDg such as me ^ *> d P - as defined for 

4 ^ e f 1 °~ 1 ^ either -at or in a solvent, such as, tetrahydrofuran. 
Compound (TVa), wherein L is mesyl and P is benzyl, may be prepared by reacting 2 3 4 6-tetra- 
O-benzyl-D-galactitol with mesyl chloride in the presence of a base such as pyridL 



Bncr XoMs^OMs 




BnO' 

OBn 

(TVa) 



invention^r 61 com P ound « « described heiein also fall within the scope of the present 

TdSTd 8 10 " **" aSPeCt ° f ^ ^ iS Pr ° Vided a COn * OUnd (ED 

■ * * 

During to synthesis of the compound of the invention labile functional groups in the 
mtermerhate compounds, e.g. hydroxy groups may be protected. A comprehensive discussion of the 
waysm whtcb varrous labiie functional groups may be protected and methods for cleaving the resuLg 

"wTm£ IT" " 'TT 16 P ~ Groups in Or s<mlc CH^Uvy, T.W. Greene an' 
r.u.M. Wuts, (Wiley-Interscience, New York, 2nd edition, 1991). 
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Further details for tiie preparation of the compound of the invention are provided in the example 
The pharmaceutical^ effective compound of the invention mav h P »,w • ♦ 7 example, 
dosage forms prepared by combining the compound of to™^^^™^ 
Pharm^ eutical carriers, excipients or diluents according to con^LT^^Tj^Zt 
art, These procedures may involve mixing, granulating and compressing or fl^iT, T 
appropriate to the desired preparation. ^pressing or dissolving the ingredients as 

According to a further aspect, the present invention provides a pharmaceutical ™™ v 
comprising the compound of the invention together with L I P narmace ^al composition 
carriers, excipients and/or diluents * " m acceptable 



20 carriers), excipieot^X-H^ " ^ 1,1,0 ^ *< — *» 

t£ POtat ° StarCh; ° r 3CCeptable **** a * ents such » «oi«m Wl sutfate 

1 he tablets may be coated according to methods w.».l l™™™ ;~ . y suirate. 

30 liquid preparations mav be in th. 7f , P hannaceu ti«=al practice. Oral 

for e„,Jl „..>. , ' y , estere such Slyceme, propylene glycol, or ethyl alcohol; preservatives 

™ '~ ybe — « ""*> «* «* ~L flavourmg 



creams futZtet^ 7^*!?" T *" ^ ^ <* ft™*- as ointments, 

^ arcs, suspensions, looons, powders, soluhons, pastes, gels, impregnated dressings sprays aerosols or oil, 

Z ZZT — ^ves snch as preserves, solvent 

^SUT 1 "? C ° mp0siao '' s - ™*<«* applied as a topical ointment or cream. 
SJf?, * ^ -"«•.*» acnve ingredientmay be employed with either a parafBnic or a water- 
mtsctble otntmen, base, Altemanvely, me active ingredien, may be formulated in a cream with an oil-in 
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time. For example, the active ingtodien. ™ tTiitStTL ^ kT^' " ^ rf 

1 0 described in Re Zh, 3^ *** * ""° Ph ° IeSiS " »— * 

Pnarniacentical compositions adapted for nasal administration wherein the c™„ i, , im ■ 
coaree powder having a particle siae for example in the range 20 to tto!i!Z a """"k 3 

rapid inhalation through the nasal o,^«, <^ ™. , M0 n " crons whKh 18 *tainistered by 

compositions iJZEZ^EZ?? h *' ^ Wd dMe * 10 * e "» 

15 a,neo„s or oil rt^ZS. £2£ — — drops, include 

nas. i^^^*.^^^*--.- 



40 



insufflators. 



PKor^^a.,^ i . . ou FF uMLury oases, e.g. cocoa-butter or other elvceriHt* 

Pharmaceutical composttions adapred for vaginal admhtistration may be mesented 
tampons, creams, geb, pastes, foams or spray compositions n may be presented as pessaries, 

can be eititer sns^nded J^lv^m ^v'Tf T ^ ° D "* «— — — . 

dissolved in JJi !l Preparillg S ° ,uti °" s * e act > ve ta 8radient can be 

*ed m water for .mention and inter sterilised before tilling into a suitable via! or amponle and 



35 sealing. 



Advantageously, agents such as a local anaesthetic Dreservatw,. ™a k„*f • 

vehicle. Adv ffit ageous,y, a snrfactan. or" ZZ£%^JZ™TT* 1 ^ 
unifom, distribution of the active * ^ ™ "* c0In P os "'O" "> f^'ate 
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administration. 



cooties according ,o the invention are p rcferably adaptcd for ^ 



ft should be understood that in addition tnth^^ _ , , 

corona may auo iuclutle o te a^v^cXtlr^^r^r , ■ 
5 question, for example those suitable for oral admi™*^ 7 , 8 ^ ° f formula ti°n in 

contain therapeutically active ***** ^ ^ ^ *° 

may be present as from about 1% up to about 98% "IT , mV6ntl0n - SuCh canto 

about 80% of the formulation. formulate. More usually they will form up to 

The compositions may contain from 0.1% bv weiaht in Anor u 
10 dej, eil di„ go „ thcmethodofadniinis|ratiOT mU1%by wei * "«0*by wcght, of the acive serial, 

age, weight and condition of the patient. Pmfenwi ,w „ te ° f admuu stration and the 

15 or sub-dose, or an ^J^^Z^gZ"" " ' ** 

*-p.^CS?5,riSi oToT ' ha " ,K - — ° f individual 

lom, roore and site 5 - ^tS^T ^ ^ ^ ^ *» 
determined by conventional techniques. It will also be m ~7 TTt « ""* Of""™™ 8 «> *• 

20 courae of neatment ie. the number do3 T£ ^„ " °" <! ° f sld)1 » «" «« «« the opthnal 
: days,- can be ascertained by Z^^T^ mgK * e, " S fOT 8 ■"»"» <* 

No toxicologies! effect St2SSl TV"*"* °' tea01K, * «*^*— Ml 
above mentioned dole *" ""^^ ° f * e *»"■*« * "taunistemd in the 



as Gaucher, dLae, ^ £££ se^^ C ^ i^T ^ ^ 

adenocarcinoma and multi-drug resist, cancers in genem7 nrahgnan. „*Ianoma, renal 

Mecnou^crZ^lrn"!^ ^ * *" " " — — * 
host cell). MU ^ S- Ior attachment and/or mvasion onto/into the 

* • 

e.g. the pamogeni/fungus C r^^'™ * " « «~ — 

0 The compound of the present invention can also be used in the i™*™, f * ■ 

STST- ~ - b « - — - disease 

as, M*2^ZtTe?T' T" ~ *° ** "* ^ »— ' ° f such 
ahermers drsease and eprlepsy; and neuronal degenerative disease, snch as, Parkinsons' disease 
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. . ™ 6 COmP ° Und preS£bt inv6ntion can be used in the treatment of neuronal injury such as 
spinal cord injunes or stroke. 

The compound of the present invention can also be used in the treatment of obesity 
The compound of the present invention can also be used in the treatment of inflammatory diseases 
5 or disorders associated with macrophage recruitment and activation, including but not limited to, 
rheumatoid arthritis, Crohn' s disease, asthma and sepsis. 

In additional aspects, therefore, the present invention provides- 

(i)use offte compound of the invention in the manufacture of a medicament for use as an inhibitor 
of glucosylceramide synthase. lOT 

10 r f USe °^* eCOm ^ Undof&einVendonb * e ^ ufac ^o^ 

glycohpid storage disease. Examples of glycolipid storage disease which can be treated include, but are not 
hmited to, Gaucher disease, Sandhoffs disease, Tay-Sachs disease, Fabry disease or GM1 gangliosidosis 

Ni eman 2 Z COmP T d ° f ^ inVenti ° n in of a medicamentfor the treatment of 

Niemann-Pick disease, types A and C. , 

5 mucn T ^ COmP r d ° f ^ inVenti ° n " * e ^ufacture of a medicament for the treatment of 
mucopo ysacchandosis typel, mucopolysaccharidosis typelHA, mucopolysaccharidosis typelHB 
muc^olysaccharidosis type VI or mucopolysaccharidosis type W. Preferably the compounds are used in the 
treatment of mucopolysaccharidosis type I. 

(v) use of the compound of the invention in the manufacture of a medicament for the treatment of a- 
0 mannosidosis or mucolipidosis type IV. OT a 

. (vi] .use of the compound of the invention in the manufacture of a medicament for the treatment of 
cancer in which glycohpid synthesis is abnormal, including but not limited to brain cancer, neuronal cancer 
neuroblastoma, renal adenocarcinoma, malignant melanoma, multiple myeloma and multi-drug resistant ' 
cancers. & 



(vii) use of the compound of the invention in the manufacture of a medicament for use in the 
treatment of Alzheimer' s disease, epilepsy or stroke. 

^ _ W^^co^undoftteinventionmthe^ 
treatment of Parkinson's disease. 

f*) useof ^compound of the mv^ 
spmal injury. - L UA 

(x) use of the compound of the invention in the manufacture of a medicament for use in the treatment 

fl^TT y mfeCtiOUS miCr ° 0r g anisms which **« ^lipids on the surface of cells as receptors 
for either the organism itself or for toxins produced by the organism. 

(xi) use of the compound of the invention in the manufacture of a medicament for use in the 
tteatment of diseases caused by infectious microorganisms e.g. pathogenic fungi, for which the synthesis of 
glucosylceramide is an essential or important process, such as but not limited to, pathologies associated with 
Cryptococcus neoformans infection. 

(xii) use of the compound of the invention in the manufacture of a medicament for use in the 

StTn 1 ° f ^TJ aSS ° dated abn0imal ****** Synth6Sis ' but «* « to, polycystic 

Kidney disease, diabetic renal hypertrophy and atherosclerosis. . 

of a ™ £f ^ ° f ^ 6 COmpOUnd ° f ^ invention in * e manufacture of a medicament for the treatment 
such en T ^l 1 ^ * e administration of a ganglioside, such as GMl ganglioside. Examples of 
conditions are Parkinson's disease, stroke and spinal cord injuries. 

(*v)use of me compound of me mventionm^^ 
rendering a male mammal infertile. 
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(xv) use of the compound of the invention in the manufacture of a medicament for the treatment of 
obesity, e.g. as an appetite suppressant 

(xvi) use of the compound of the invention in the manufacture of a medicament for the treatment of 
mflammatory diseases or disorders associated with macrophage recruitment and activation, including but 

5. not hmited to, rheumatoid arthritis, Crohn's disease, asthma and sepsis. • 

(xvii) a method for the treatment of a glycolipid storage disease, e.g. Gaucher's disease, Sandhoff s 
d*ease, Tay-Sachs disease or GMl gangliosidosis, which comprises the step of administering to a patient an 
effective amount of the compound of the invention. 

10 of administering to a patient an effective amount ofthe compound of the invention 

(xix) a method for the treatment of mucopolysaccharidosis type I, mucopolysaccharidosis type 
m mucopolysaccharidosis type TUB, mucopolysaccharidosis type VI or mucopolysaccharidosis type 
^ COmPnSeS St6P ° f administerin S to a P atient ^ effective amount of the compound of the 

1 5 sten of .£? 3 r eth °? tRiatment ° f a - mann ° sidosis or m-olipidosis type TV which comprises the 

step of admmistenng to a paUent an effective amount ofthe compound ofthe invention 

not hJ5? r eth ° d ^ ° f CaDCer ^ WWch glyCOHpid Synth6Sis is abnoima l. deluding but 

not hnuted to brain cancer, neuronal cancer, renal adenocarcinoma, malignant melanoma, multiple 

myeloma and multi-drug resistant cancers, which comprises the step of administering to a patient an 
dO effecuve amount of the compound of the invention. 

: (xxii) a method for the treatment of Alzheimer's disease, epilepsy or stroke which cdmprises the step 

of admmistenng to a patient an effective amount of the compound of the invention 

tn fl ™* ( ™ >a J neth ° d fOT ^ ° f Parkmson ' s which comprises the step of administering 

to a pauent an effective amount of the compound of the invention. 

25 (xxiv) a method for the treatment of spinal injury which comprises the step of adnnmstering to a 

patient an effective amount of the compound of the invention. 

(xxv) a method for the treatment of diseases caused by infectious microorganisms, which utilize 
glycohpids on the surface of cells as receptors for either the organism itself or for toxins produced by the 

organism, which comprises the step of administering to a patient an effective amount ofthe compound ofthe 
ou invention. 

fung, for which the synthesis of glucosylceramide is an essential or important process, such as but not 
hmited to, pathologies associated with Cryptococcus neoformans infection, which comprises the step of 
administering to a patient an effective amount of the compound of the invention. 
35 (xxvii) a method for the treatment of diseases associated with abnormal glycolipid synthesis 

mcluding but not Ihnited to polycystic kidney disease, diabetic renal hypertrophy and atherosclerosis, which 
compnses the step of administering to a patient an effective amount ofthe compound ofthe invention 

(xxvni) a method for the treatment of a condition treatable by the administration of a ganglioside 

40 complTo ^ C T PriS6S St6P ° f admWste ^ to * P— * - effective amount ofthe' 

40 compound ofthe mvention. Examples of such conditions are, Parkinson's disease, stroke and spinal cord 



(xxix) a method for reversibly rendering a male mammal infertile, which comprises the step of 
admmistenng to said male mammal an effective amount of the compound of the invention 

4* h (XXX) 3 m6th0d fOT ^ trea£meDt ° f 0beSity ' Which com P™es the step of administering to a patient an 

45 effecuveamountofthecompoundoftheinvention. • nng to a pauent an 
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(xxxi) a method for the treatment of inflammatory diseases or disorders associated with 

ahove 0^0^^^^ " " ™ ^ «~ « 

tadf^y htdieated to he mLporateo b^reT^n S^ET ^ . 

The tnvenhon wUI tow be described by reference to the following example which is merelv 
Zrve ts are no, tobe conned as a linritadon o, the scope of the preL, invention " 




To a mixture of 3,4,5-piperidinetriol, 2-(hydroxvmethvlV is 4P " « , 

(polys^hrteftyDotoethy.antreonl.nn .^-JSU^i^^J?^? T" ^ 

^Ef-tr; added «** <■« * o^r^r ^ . 

was stared at room temperature overnight The reaction mixture was purified us™, . „l„. ^ 
Dowex 50X4-200 resin (3 g, (which had been pre-waahed with 10% h,3t^ L 

°- 7 ™* ' ( 2H > d, J = 8.7 Hz). MS ™/z 340. 1 (M+H) + . 
Biological Assays 

^tamd^ tae invenrion may be tested for biological activity in the fofiowing assays: 
1994, 20. .mat, the enzyme soume bemg human recombinant GCS expressed in insect cells. 

inhibition of non-lvs™™™l-| WliiriY- m h,^ r . 

de«crih ^ oTf f bifa ' * no "- 1 > ,s «^l-P-8l°«« CT ebn» s idase was essennally carted out as 
described m Overkleeft, H. S. e. al., J. Biol. Chem, 1998, 273, 26522-26527, with JfiZfcT 
differences: whole eel, extracts of MCF7 C a human breast carcinoma ceU Itae) ™t^TLn* of 
the enzyme instead of splenic membrane suspensions; 5mM instead of 3Mm 4Z1T, „ 
as substrate and 0.2M diphosphate pl^S, was used instead of S£S££*""* " 

.yaosomL^r^tr^" °' " h ™ ° CS - ~ 
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Table I 
Example 




Inhibition of glucosylceramide 
ithase (ICso 
4.8 




Inhibition of non-lysosomal-fj- 
;lucocereb r osida se 

2.5 

Estimating the cell-based TC a for GCS inhibition b y measuri ng glucnsvW^ (GjcCer) ^-tinn 
Human mammary epithelial cells (MCF-7) were cultured for 5-7 days, with varying concentrations 
c^e compound of the invention (0; 0.01; 0.05; 0.25; 1.25 and 6.25 ,M). The ceDs wlreharvested 

u^ hpi t eXtraCted ; NeUtraI glyC ° lipidS W6re Se P- ted * Phoning in a DIPE/l-butanol/saline 
suspension, accordmg to methods well known to those skilled in the art. The neutral glycolipid extracts were 
fcen separated by ^High-Performance Thin Layer Chromatography (HPTLC), using 

(chloroform: methanol: 0.2% CaCl 2 ; 65:35:8), according to methods well known to those skilled in ZT 

^oTmGlZ^ ^ ? ^ W6re SCanDed l — SciOD ^ e soft — - then 
used o quantify GlcCer m the samples relative to a GlcCer standard. This enabled a cell-based IQ 0 to be 

calculated for the compound of the invention for GCS inhibition. 
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1. The compound 3,4 l 5-piperidmetriol,-l-[(4-(pentyloxy)phenyl)methyl]-2- 
(hydxoxymethyl),(2S,3S,4R,5S) or a pharmaceutical^ acceptable salt or prodrug thereof. 

2. A compound as defined in claim 1 for use in medicine. 

3. A pharmaceutical composition comprising a compound, as defined in claim 1, together with one 
or more pharmaceutically acceptable carriers, excipients and/or diluents. 

4. A process for the preparation of a compound, as defined in claim 1, which comprises: 
a) reacting a compound of formula (II): 




OH 
0D 

Witt . 4-(pentyloxy)benzaldehyde using NaBH 3 CN or a supported reagent in acetic acid-methanol or HC1- 
methanol, or using NaBH(OAc) 3 in a solvent, or 
b) deprotection of a compound of formula (HI): 

-O. 




PO "-^ 




per "y" "'op 
op 



(in) 

wherein P, which may be the same or different, are hydroxy protecting groups. 



5. 



The use of a compound, as defined in claim 1, in the manufacture of an inhibitor of glucosylceramide 
synuiHs©. 



25 6. 



™e use ofaconpound, as defoedm claim l,m^^ 
of a glycolipid storage disease. 

7. The use as claimed in claim 6, wherein the glycolipid storage disease is Gaucher disease, Sandhoffs 
disease, Tay-Sachs disease, Fabry disease or GM1 gangliosidosis. 

8 -„. 11,6 " Se °f a compound, as defined in claim 1, in the manufacture of a medicament for the treatment 
of Niemann-Pick disease type C, mucopolysaccharidosis type I, mucopolysaccharidosis type IHA 
mucopolysaccharidosis type DIB, mucopolysaccharidosis type VI or mucopolysaccharidosis type VH a- 
mannosidosis or mucolipidosis type IV. 

9. The use of a compound, as defined in claim 1 , in the manufacture of a medicament for the treatment 
of cancer in which glycolipid synthesis is abnormal. 

12 
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10. The use according to claim 9, wherein the cancer in which glycolipid synthesis is abnormal is 
selected from brain cancer, neuronal cancer, neuroblastoma, renal adenocarcinoma, malignant melanoma, 
multiple myeloma or multi-drug resistant cancers. 

5. 

11. The use of a compound, as defined in claim 1, in the manufacture of a medicament for use in the 
treatment of Alzheimer's disease, epilepsy, stroke, Parkinson's disease or spinal injury. 

12. The use of a compound, as defined in claim 1, in the manufacture of a medicament for use in the 

1 0 treatment of diseases caused by, infectious microorganisms which utilize glycolipids on the surface of cells as 
receptors for either the organism itself or for toxins produced by the organism, or infectious microorganisms 
for which the synthesis of glucosylceramide is an essential or important process. 

13. The use of a compound, as defined in claim 1, in the manufacture of a medicament for use in the 
1 5 treatment of diseases associated with abnormal glycolipid synthesis. 

14. The use according to claim 13, wherein the diseases associated with abnormal glycolipid synthesis is 
selected from polycystic kidney disease, diabetic renal hypertrophy or atherosclerosis. 

20 15. The use of a compound, as defined in claim 1, in the manufacture of a medicament for the 
treatment of a condition treatable by the administration of a ganglioside such as GM1 ganglioside. 

16. The use of a compound, as defined in claim 1, in the manufacture of a medicament for use in 
reversibly rendering a male mammal infertile. 

25 

17. The use of a compound, as defined in claim 1 , in the manufacture of a medicament for the treatment 
of obesity. 



18. The use of a compound, as defined in claim 1, in the manufacture of a medicament for the treatment 
30 of inflammatory diseases or disorders associated with macrophage recruitment and activation. 

19. The use of a compound according to claim 18, wherein the inflammatory disease or disorder 
associated with macrophage recruitment and activation is selected from rheumatoid arthritis, Crohn's 
disease, asthma or sepsis. 

35 

20. A compound of formula (HI): 




OP 



(HI) 

wherein P, which may be the same or different, are hydroxy protecting groups. 
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ABSTRACT 
NOVEL COMPOUND 

The compound 3,4,5-piperidinetriol,-l-[(4-(pentyloxy)phenyl)methyl]-2- 
(hydroxymethyl),(2S,3S,4R,5S), or a pharmaceutical^ acceptable salt or prodrug thereof, is useful 
inhibitor of glucosylceramide synthase. 
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